Uromyces is a genus of rust fungi that infects both monocots and dicots throughout the world. The genus is particularly common on plant families like Asteraceae, Euphorbiaceae, Fabaceae, Liliaceae, Poaceae, and Loranthaceae. A rust infection was observed on leaves and stem of Trifolium repens from Himachal Pradesh, India. The symptoms appeared as dark brown to blackish brown pustules. Morphological and microscopic analyses of diseased samples identified it as Uromyces trifolii, which is new to Himachal Pradesh. Taxonomic descriptions and illustrations of the specimen are given. A checklist to assess diversity and distribution of the genus Uromyces in India is provided.
Introduction
Uromyces (Link) Unger, a genus of rust fungi was proposed by Unger (1833) . There are more than 1562 taxonomic names within this genus worldwide (IndexFungorum 2016). According to Cummins & Hiratsuka (2003) it is the second largest genus of rust fungi next to Puccinia and contains more than 600 reported species. It is mainly characterized by 1-celled teliospores which differentiate it from Puccinia, which has 2-celled teliospores. Uromyces infects both monocots and dicots throughout the world, infecting plant families like Asteraceae, Euphorbiaceae, Fabaceae, Liliaceae, and Poaceae, but Loranthaceae is a major one (Vidal-Russell & Nickrent 2008) .
The genus has a wide diversity and host range in India also. Himachal Pradesh, the northern hilly state of India is situated in the western part of Himalaya. It is a mountainous state with elevations ranging from about 350-7,000 m above sea level. Climatic conditions vary from hot and sub-humid tropical in the southern tracts to cold, alpine and glacial in the northern and eastern mountain ranges. The changeable geographical and climatic conditions of the state are favourable for biodiversity including growth and development of plant pathogens. One of the most important characteristics of plant rusts is their exceptionally high degree of host specificity. The vast biodiversity and climatic conditions of the state lead to a wide rust diversity, distribution and host range of this fungal group.
A rust infection was observed on leaves and stems of Trifolium repen L. (Fabaceae) during our routine phytopathological survey from district Mandi of Himachal Pradesh in 2015. A detailed taxonomic study and survey of the literature as well as comparative analyses revealed that the fungus is a new addition to the rust fungi in Himachal Pradesh (Mukherji & Juneja 1974 , Sarbhoy 1975 , 1980 , Bilgrami 1991 , Jamaluddin et al. 2004 ). The disease was studied further and is described in the present study. A checklist to assess diversity and distribution of the genus Uromyces in India is also provided.
Materials and methods
Naturally infected plant parts showing rust symptoms were collected from Chail Chowk area of district Mandi, Himachal Pradesh. Infected leaves and stems were placed in separate polythene bags and taken to the laboratory for further examination. Specimens are deposited in the Abhilashi University Mycological Herbarium (AUMH), School of Agriculture, Faculty of Science, Abhilashi University, Mandi, Himachal Pradesh, India. Morphological features of all specimens were noted, and measurements were made. Diseased spots were photographed with a Sony DSC-X80 camera. Mounts of spores and free-hand sections of sori were prepared in lactophenol and heated to boiling. The fungal structures were examined under a light microscope (Olympus). At least 25 measurements for each microscopic structure were taken. Taxonomic analyses were made by consulting relevant literature and illustrations are given in accordance with Cummins & Hiratsuka (2003) .
A checklist of the genus Uromyces was also prepared to assess diversity and distribution in India. An exhaustive bibliographic survey of the literature published in various national and international journals, monographs, books, book chapters and magazines on these rust fungi was carried out. Some species names as reported in the cited publications have been replaced with their currently accepted name according to the Species Fungorum website (Speciesfungorum 2016).
Results
Trifolium repens is a perennial, herbaceous, low growing flowering plant of family Fabaceae and is commonly known as white clover. It is considered as a folk medicine in India, used against intestinal helminthic worms. An experimental in vivo study validated that the aerial shoots of T. repens bear significant anticestodal properties (Yadav et al. 2004 ). On leaves and stem dark brown to blackish brown telial pustules were observed (Fig. 1) .
Taxonomy
Uromyces trifolii (R. Hedw.) Lév., Annls Sci. Nat., Bot., sér. 3, 8: 371 (1847) (Figs. 1, 2) =Uromyces flectens Lagerh., Svensk bot. Tidskr. 3: 36 (1909) . =Uromyces nerviphilus (Grognot) Hotson, Publ. Puget Sound Biol. Sta. Univ. Wash. 4: 368 (1925) . Telia mostly hypophyllous, sometimes epiphyllous, rounded, scattered, subepidermal, erumpent, pulverulent, surrounded by the ruptured epidermis, dark brown to blackish brown, 0.08-0.19 × 0.09-0.3 mm. Teliospores globose to subglobose or ellipsoid to obovoid, 21-30 × 15-24 μm (mean 26.0 × 19.6 μm), the apex rounded with minute hyaline papilla; wall 1-2 μm thick, brown to chestnut brown, smooth or with minute scattered warts; apex 3-4 μm thick, germ pore 1; pedicel hyaline, 4-8 μm wide and up to 24 μm long. Spermagonia, aecia and uredinia not found.
Material examined − On Trifolium repens L., with III stage, India, Himachal Pradesh, Chail Chowk (Mandi), at 1400 m, 24 August 2015, coll. Ajay K. Gautam (AUMH 1030). 
Diversity and distribution
Species of Uromyces infect both monocots and dicots throughout the world. Ninety-seven species of Uromyces have been identified and reported from India on 180 plant host species that belongs to 85 genera and 32 families. Thirty species have been found associated with family Fabaceae followed by Poaceae (23), Asteraceae (6), Lamiaceae and Caprifoliaceae (3 each) and Polygonaceae, Cyperaceae, Euphorbiaceae, Asparagaceae, Acanthaceae and Oleaceae (2 each).
The remaining host plant families are associated with a single species of Uromyces (Table 1) . Of 97 Uromyces species reported from India, only 15 species are reported from Himachal Pradesh. Uromyces species have also been found in nineteen other states of India (Table 1) .
Discussion
Based on morphological characteristics the rust on Trifolium repens was identified as Uromyces trifolii. This rust has been previously reported on T. resupinatum (reversed clover) and T. pratense (red clover) from Haryana and Uttrakhand, respectively (Sydow & Butler 1907a , b, Padwick & Khan 1944 , Hooda & Saini 1990 , Sokhi et al. 1985 .
The genus Uromyces is mainly characterized by 1-celled teliospores. The Fabaceae (legume, pea, or bean family) and Poaceae (grass family) are particularly susceptible to infection of Uromyces spp. In India, 30 species of Uromyces have been reported on legumes and 23 species on grasses. Nearly 180 plant species that belong to 85 genera and 32 families are infected with Uromyces spp. Butler & Mcrae 1930 , Jain 1966 , Joshi 1958 , Nema & Mishra 1965 , Patil 1966 , Prasad & Sinha 1962 , Ramakrisnan & Sundaram 1955a , b, Sydow & Butler 1907a 
